Objectives-Agricultural workers are known to have occupational skin diseases. The prevalence and pattern of skin diseases are unknown in Taiwanese fruit farmers. The objective of this study is to determine the work exposure, prevalence of skin diseases, and sensitivity to common skin allergens and agricultural chemicals in fruit farmers of southern Taiwan. Methods-122 fruit farmers who regularly prepared and sprayed pesticides and a group of 63 printing press workers with no known exposure to pesticides were examined and patch tested with common skin allergens and agricultural chemicals. The farmers were also interviewed for their work habits, use of protective clothing, and exposure to pesticides. Results-Most farmers reported regular use of hat, boots, and mask, but not gloves, raincoat, and goggles. This resulted in frequent skin contact with pesticides especially on the hands and face. About 30% of farmers had hand dermatitis, and more than two thirds had pigmentation and thickening on the hands. Fungal infection of the skin was noted in a quarter of subjects. By patch test, farmers and the printing press workers had a similar rate of sensitivity to common skin allergens. 40% of farmers were sensitive to agricultural chemical allergens, which was about twofold higher than that of the comparison group. Farmers were most frequently sensitive to Captofol, Folpet, and Captan which were associated with dermatitis on the volar aspects of the hands. Conclusions-Fruit farmers in southern Taiwan had a high prevalence of skin diseases related to use of pesticides, and appropriate protective measures and work practices should be taken to prevent such problems.
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(Occup Environ Med 1996;53:427-431) Keywords: dermatitis; fruit farmers; agricultural chemicals In agricultural workers, occupational skin disease has been one of the most important occupational diseases and has been reported more frequently than in non-agricultural workers.' Although the precise incidences and prevalences of skin diseases related to pesticides are unknown, the agricultural sector was noted to have the highest rate of occupational skin disease of any industry in California, which was twice the rate of the manufacturing sector.' Agricultural chemicals-especially pesticides, plant and animal products, soaps, detergents, and cleaners were among the most important causes of occupational skin diseases in farm workers. Pesticides are widely used in agricultural and non-agricultural settings in Taiwan.
In 1992, an estimated total of 36 000 tonnes of pesticides was used on 360 000 hectares of agricultural land in Taiwan, therefore pesticides were used at the rate of about 100 kg/hectare/year. With more than 800 active ingredients in use, the range of adverse effects of these chemicals is diverse, and a large proportion involve the skin. For example, about one quarter of reported illnesses and injuries caused by pesticides in California were dermatological.2 The incidence of skin disease related to pesticides in Taiwan, although not known, is expected to be high for the following reasons: (a) the amount of pesticides used per unit area in Taiwan has been high; (b) many pesticide users are often unaware of the adverse effects of pesticides on human health,' and do not strictly follow the instruction on the proper use of pesticides; and (c) the hot and humid weather discourages farmers from using proper protection.
Although occupational skin diseases in farm workers caused by pesticides might be considerable in Taiwan, there has not been a complete description of dermatological diseases and their relations to use of pesticides. We conducted this study on fruit farmers in southern Taiwan to ascertain the nature of skin problems, and the association between skin diseases and use of pesticides.
Subjects and methods
In December 1991, we performed a routine physical examination of 302 fruit farmers for the Fruit Farmers' Production Association in Nan-sy, a town that is well known for its fruit production, including star fruit, orange, mango, pineapple, and other fruits. There were a total of 31 1 farmers in that association, who were usually the heads of the households and were interested in promoting the production and sales of their fruits. These farmers were from six villages near Nan-sy town. In late 1992, we randomly selected three villages in which a total of 145 farmers were examined in 1991. These farmers, who had regularly applied pesticides, were asked to come back for dermatological examination factories in a neighbouring town were also patch tested. The main work of these factories included printing of textbooks, paper boxes, plastic bags, and other materials. Workers in these factories were exposed to formaldehyde, inks, and other solvents. No known occupational exposure to pesticides could be identified. All subjects gave written informed consent before the examination. The data were analysed by descriptive statistics, and X2 test with the SAS package.
Results
In total 137 fruit farmers (94-5%) and 79 printing press workers had the interview and examination. However, only 122 fruit farmers (84-1%) and 63 printing press workers accepted and finished the patch tests and were recorded for analysis. Table 1 shows the demographics of these two groups. The farmer group was older than the printing press workers and had less female workers. None of the 63 printing workers reported exposure to farm work or lived on farms. Among the farmers, 112 (91-2%) prepared the pesticides themselves. Table 2 lists the farmers who reported using agricultural chemicals frequently (more than once a month). Eighty nine (72 9%) farmers always wore a mask and 17 (13-9%) always wore gloves when preparing the pesticides. When spraying the pesticides, 114 (93 4%) always used an extension hose, and only a few used a back pack. Most of the farmers reported "almost always" wearing a hat, boots, and a mask when spraying pesticides, but less than a half wore gloves, and only a few wore a rain coat or goggles when spraying (table 3) . One hundred and seventeen (95 9%) of the farmers reported considerable skin contact with pesticides during spraying and three (2 5%) reported contact during preparation of the pesticide. 10% of farmers. Forty (32'8%) farmers reported skin discomfort especially on any contaminated sites at or after spraying. Table  5 shows the location of the skin disorders. On physical examination, pigmentation and thickening were mainly on the dorsal surface. A total of 37 (30 3%) of our subjects had dermatitis of the hand. Dermatitis was seen mainly on volar fingers and palms, and was more prevalent on the right hand. A moderate prevalence of fungal skin diseases was also present (table 5) . Table 6 shows the positive results of patch tests in the farmers and the printing press workers for the European standard tray and table 7 for agricultural chemicals. In the tests for individual agents, farmers had significantly more positive results for Captofol, and the printing press workers had more sensitisation to nickel sulphate. For the standard tray, similar proportions of the farmers and printing press workers had at least one positive result. For the agricultural chemicals tray, a significantly higher percentage of farmers had at least one positive result (table 8) . Skin diseases in farmers were compared with results of patch testing. Among the 18 farmers with volar finger dermatitis 10 had at least one reaction to the patch agents; among the 15 with palm dermatitis nine had at least one reaction; among the seven with dorsal finger dermatitis four had at least one reaction; and among the six with dorsal hand dermatitis four had at least one reaction. Skin sensitivity to Captofol, Folpet, and Captan was associated with dermatitis in the volar aspect of the hand (table 9) . Discussion This is the first article describing the prevalence of skin problems and skin sensitivity to patch testing agents among farmers in Taiwan. We found that fruit farmers had a high prevalence of skin changes such as pigmentation and thickening that were likely to be due to exposure to sun light, heavy manual work, and frequent minor traumas. About one third of the farmers also had dermatitis which could be partially explained by sensitivity to the skin allergens in the agricultural chemicals or ingredients in their gloves.
Fruit farmers in southern Taiwan work in rather small areas of land (the subjects in this study had an average 3-5 hectares for each household). The production of fruit is heavily dependent on the amount of pesticides used. Mostly the owners of the land in our study prepared and applied and sprayed the pesticides. None of our subjects used a spraying machine. A considerable proportion of farmers did not wear adequate protective clothing (table 3) mainly due to discomfort or perceived interference with the work (data not shown). Close contact and skin exposure to agricultural chemicals were therefore expected in these working conditions. Our examination found that the farmers had a moderate prevalence of dermatitis (30 3% had dermatitis of the hand). Among them, slightly more than a half had a reaction to at least one patch agent. Although sensitivity to patch agents did not necessarily indicate an allergic aetiology of the dermatitis, allergic and irritant causes might each contribute to a significant proportion of contact dermatitis in our subjects. The exact percentage of each, however, could not be measured by this investigation.
The farmers had a high prevalence of skin reaction to Captofol, Folpet, and Captan. Although Captofol was banned as a pesticide in 1988, and Folpet and Captan were banned in 1990 in Taiwan, use of Captofol and Captan was volunteered by the farmers, mostly under different brand names. Also, three of the farmers reported having skin discomfort after spraying Captofol. It was likely that the use of these agricultural chemicals was underreported when the farmers were interviewed.
Captofol (cis-N-((I, 1,2,2-tetrachloroethyl)thio)-4-cyclohexene-1,2-dicarboximide), Folpet (N-(trichloromethyl)thiophthalimide), and Captan (N-(trichloromethyl)thio-4-cyclohexene-1,2-dicarboximide) are structurally similar and belong to the same group of thiophthalimides. Cross reaction might exist between these chemicals. In the 22 farmers sensitive to Captofol, six (27 3%) were sensitive to Folpet, and six (27.3%) were sensitive to Captan; compared with 7% to Folpet and 5% to Captan in those not sensitive to Captofol. In the 13 farmers sensitive to Folpet, eight (61-5%) were sensitive to Captan compared with 2-8% in those not sensitive to Folpet. The prevalence of sensitivity to Captain was not clear in the Taiwanese general population. However, in our previous studies on hairdressers, about 6% of hairdressers were sensitive to Captan.5 In this investigation, five (7-9%) of the 63 printing press workers were sensitive to both Captan and Folpet simultaneously, and three of these five subjects were sensitive to Captofol. Captofol is a fungicide reported as causing allergic dermatitis in farm workers6 7 and workers in the timber industry.8 Folpet was also known as an agricultural contact allergen. However, in western literature the prevalence of sensitivity to these two agricultural chemicals was low9 10 compared with this study. In a Japanese study, a similar rate (28 7%) of sensitivity to Captofol as in this investigation was reported." Frequency of use and contact, and genetic predisposition might have contributed to this observed difference between eastern and western studies. Skin sensitivity to Captofol, Folpet, and Captan was significantly associated with clinical findings of dermatitis, especially on the volar surface of the hand. This finding indicated that sensitivity to these agricultural chemicals was clinically significant in inducing skin diseases, and that some sensitised fruit farmers might have been actively exposed to these chemicals during the period of our investigation.
Farmers and printing press workers had similar rates of sensitivity to ingredients of their gloves, indicating the possibility of a similar proportion of glove use in these two industries. Reactions to benzalkonium chloride was similarly high in our farmer and printer groups. Benzalkonium chloride is widely used as a disinfectant, and is present in many cosmetics, mouthwashes, dentifrices, ophthalmic preparations, and deodorants. It is used industrially in both printing presses and agriculture and was known to cause allergic contact dermatitis.12 Phenylmercuric salts were used as herbicides and agricultural fungicides and were reported to cause contact dermatitis. Only 3-3% of our farmer subjects were sensitive to phenylmercuric acetate. Neomycin is known to cause sensitisation in vetinarians and farmers who frequently handle domestic animals."3 Because handling animals was not a common practice of fruit farmers, a low prevalence of sensitivity to neomycin in our subjects was expected. Although reactions to nickel are rather common in women, especially those with pierced ears, nickel sensitivity in men could be limited to specific working groups, not including farmers. The low prevalence of nickel reactions in our subjects was therefore expected. Higher prevalence in printing press workers was likely to be due to a higher percentage of women in that group. We did not find positive reactions to benomyl, a pesticide that is known to cause contact dermatitis, '4 15 but is not widely sold in Taiwan.
The subjects in this study were selected from the Fruit Farmers' Production Association, members of which were interested in promoting the production and sales of their fruits. It is possible that they represented a group of farmers who were more careful about the use of pesticides than the general population. Therefore, we might be biased towards having a group of farmers who were less exposed and less affected by the pesticides than the general population of fruit farmers in southern Taiwan.
We conclude that fruit farmers in southern Taiwan were exposed to pesticides during their work from heavy use and less than optimal protection. Contact dermatitis and fungal infection were seen in some farmers, and pigmentation and thickening of the skin were prevalent. Farmers were more likely than printing press workers to have skin sensitivity to agricultural chemicals, and this allergy was associated with clinical findings of dermatitis. 
